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Specifications 

1. Name of the Invention 

Clock synchronizing format in packet transmission, a packet 
transmitter, and a packet receiver. 

2 . Scope of the Claims of the Patent 

(1) A system to transmit information signals through a packet 
transmission network that operates at a clock of set frequency, 
characterized in that within said system, transmitter clock 
frequency data indicating the relative frequency of the 
transmitter clock (relative to the clock of the above mentioned 
packet transmission network) is packeted along with information 
signal data and then transmitted; at the receiving side, receij^er 
clock frequency data indicating the relative frequency of the r 
receiver clock (relative to the clock of the above-mentioned 
packet transmission network) is compared to the above-mentioned 
transmitter clock frequency data that is received; frequency is 
controlled based on the results of this comparison, and the 
transmitter clock and the receiver clock are synchronized. 

(2) A packet transmitter characterized as having means to 
detect the relative frequency of the transmitter clock with 
respect to" "the packet transmission network clock, and to generate 
transmitter clock frequency data indicating said relative 
frequency; and transmission means whereby said transmitter clock 
frequency data is packeted and transmitted along with information 
signal data. 



(3) A packet receiver characterized as having means to 
resolve transmitter clock frequency as well as information signal 
data within packets transmitted from the packet transmission 
network; means to temporarily store resolved information signal 
data and transmitter clock frequency data; means to detect the 
relative frequency of the receiver clock with respect to the 
packet transmission network clock, and to generate receiver clock 
frequency data indicating said relative frequency; comparison 
means to compare the receiver clock frequency data and the 
transmitter clock frequency data stored in the above-mentioned 
memory means; and means to control the above-mentioned receiver 
clock frequency based on the results of this comparison means. r_ 
3. Detailed Explanation of the Invention t 
(Objectives of the Invention) 
(Benefits in Terms of Industry) 

The present invention relates to a clock synchronization 
format to synchronize transmitter clock and receiver clock, as 
well as a packet transmitter and a packet receiver appropriated to 
this clock format. These are used in a system wherein continuous 
information signals (like television signals and audio signals) 
are packaged and transmitted, and which are not interrupted or 
broken over time. 

(Prior Art) 

Transmission circuits of a set velocity are conventionally 
used to transmit television signals (image signals) and audio 
signals. In recent years, though, wide band ISDN (integrated 
services digital network) , a non- synchronous transmission mode 



(packet transmission mode using cells of a set length, hereafter 
called 'ATM'-)- has been proposed. This offers a chance to exploit 
transmission circuits in such a way as to packet and transmit 
continuously generated data like television signals, audio 
signals, and so on. 

Television signals and audio signals that are merely sampled 
and quantized (PCM coded) constitute data of a set velocity. 
However, when high-efficiency coding is performed to remove 
signals' inherent redundancy and sensory redundancy, the resulting 
data is generally of variable velocity. For such variable 
velocity data, it is more effective to use set velocity 
transmission circuits than to use variable velocity transmission 
systems like ATM. Another advantage is that coding quality cati be 
kept at a high level. 

In packet transmission, though, it is important to establish 
clock synchronization between transmitter and receiver. When 
clock synchronization is not established, the volumes of coded and 
decoded data differ because proper decoding cannot occur. In ATM 
transmissions of television signals and the like, synchronization 
(bit synchronization) of the ATM network clock and the data source 
clock must be considered. In other words, this does not imply 
that bit synchronization for the bit rates, etc... of the 
* individual data sources in the ATM transmission system must be 
considered, but that there must be correspondence to the various 
data sources in the individual terminals (television signal 
coders, decoders, etc..) connected to the ATM network. Figure 4 
depicts the synchronous relationship between transmitter and 



receiver when television signals are. transmitted through an ATM 
system. 

In Figure 4, television image signals input to signal 
source/terminal (41) are digitalized using clock (frequency fs) 
from clock generating source (43) as the sampling frequency. This 
is done with studio device (41), for example. 

Digitalized image signals (all subsequent explanations 
involve digitalized image signals, so they shall simply be called 
'image signals') are input to the coding system and highly 
efficiently coded by image coding circuit (44), which operates by 
means of a coding clock (frequency fc) from clock emitting, source 

(45) . The signals are then input to the first interface (46) . L 
Interface (46) is supposed to connect the coding system and thte 
ATM system (packet transmission) and consists of a packaging 
buffer memory, a packet header attachment circuit, and so on. 

Image signals packaged by the second interface (46) go 
through ATM network (47) , which is operated by clock (frequency 
f ATM ) from clock emitting source (48) , and are input to the second 
interface (49) which performs the reverse operation of interface 

(46) . Image signals packet-resolved at the second interface (49) 
are decoded by image decoding circuit (50) , which operates by 
means of a decoding clock (frequency f^) from clock emitting 
source (51) , and are then output from terminal (52) . 

Because the signal source, coding, ATM transmission, and 
decoding in the system of Figure 4 all operate by means of 
independent clock emitting sources (43) , (45) , (48) , and (51) , the 
clocks must somehow be synchronized. In other words, in 
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synchronous transmission systems like circuit modes, each and 
every clock -is phase-synchronized beforehand. In packet 
transmission systems, like ATM . transmission systems, special 
methods to connect signal sources and terminals are usually not 
considered, and thus they operate at a characteristic clock 
frequency (f ATM in Figure 4) . Consequently, when the signal 
source clock (fs) is supplied from outside, no phase 
synchronization relationship is maintained at a frequency ratio 
that results in fs/f ATM =n/m (wherein n and m are integers) between 
coding clock and ATM clock. 

Furthermore, coding clock frequency fc and decoding clock 
frequency fd must be the same. Between coding circuit (44) anjd 
decoding circuit (50) , though, is an ATM transmission system that 
uses its particular clock frequency f ATM # thus making it 
impossible to phase-synchronize coding clock and decoding clock. 

In the past, these two countermeasures against the problems 
mentioned above were considered. 

(1) The coding clock and the ATM clock, as well as the 
decoding clock, are phase -synchronized (more specifically, coding, 
clock and decoding clock are each synchronized based on the ATM 
clock), but the signal source clock remains independent. When 
this is done, the signal source and the decoding circuit are non- 
synchronous, so interface between them is done with a frame 
synchronizer. 

(2) At first, the signal source clock and the coding clock 
are phase- synchronized and are then input in their existent state 
to a non- synchronous ATM clock transmission system. At that time, 
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interfacing occurs using interface (6) .shown in Figure 4. In this 
case, of course, the output of the ATM transmission system and the 
decoding clock are non- synchronous . Therefore, the decoding clock 
must somehow be controlled in the decoding circuit so that it 
matches the coding clock. 

Figures 5 and 6 are block diagrams depicting the use of 
above-mentioned methods (1) and (2) , respectively. 

In Figure 5, coding circuit (44), ATM network (47), and 
decoding circuit (50) are phase-synchronized beforehand using PLL 
circuits (55) and (56) , as with a circuit mode synchronous 
transmission system. As mentioned earlier, though, the clock 
frequency f ATM used in the ATM network was determined without fny 
consideration for .its relationship to the integer ratio of fc $nd 
fd. Therefore, the above-mentioned n/m frequency ratio of signal 
source clock and ATM clock is usually complex. What's more, the 
comparison frequency in the phase -synchronous loop becomes 
exceedingly small, the disadvantage thus being that it is hard to 
stably operate PLL circuits (55) and (56) . 

Moreover, the signal clock source input to terminal (53) from 
outside operates independently of other clocks. Thus, the clock 
frequency must be converted by frame synchronizer (54) . Frame 
synchronizer (54) has image frame memory. Write-in and read-out 
occur in this memory by means of an optional clock. A non- 
synchronous image processing system can thus be connected. Yet 
not only is this costly, but image skipping occurs (jumps, 
repeated operations) . At times, then, image problems arise. There 
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are other problems, too, in that the corresponding delay time for 
images and audio changes a great deal. 

Figure 6 is an example in .which coding clock and signal 
source clock input to terminal (53) are phase-synchronized 
beforehand by PLL circuit (61) , and clock frequency 
synchronization is maintained independently by decoding circuit 
(50). In decoding circuit (50), image parallel/vertical 
synchronous signals, etc... multiplexed beforehand in packets are 
detected, and decoding clock frequency output from clock emitting 
circuit (65) is controlled such that these synchronized signals 
appear at set intervals in the decoding process. In other words, 
synchronous words emitted from the packet resolution/synchronous 
word detection circuit (62) (operated by ATM clock) are separated 
from the image coding data and written-in to buffer memory (63) by 
means of ATM clock. When read-out occurs using decoding clock, 
the synchronous word count in buffer memory (63) is detected by 
synchronous word count detection circuit (64), and the decoding 
clock frequency is controlled. The synchronous word count in 
buffer memory (63) signifies the volume of synchronous words 
passing through at each point in time. If these are uniform, then 
the coding' side and the decoding side frequencies match. 

When method (2) discussed earlier is used, the problems of 
method (1) involving coding/decoding clock and ATM clock 
synchronization are resolved. Moreover, the frame synchronizer 
becomes unnecessary. However, the following drawbacks do exist. 
Namely, the ATM network is a packet transfer system and image 
coding data is not transmitted at a set velocity. Thus there are 
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time fluctuations among packets reaching the receiving side 
because the -network is empty. Naturally, though, these 
fluctuations are cancelled by long-term integration. There is, 
however, a correspondingly low frequency component that affects 
the stability of decoding clock frequency control. Therefore, 
decoding clock contains a lot of low frequency control. 
Consequently, decoding clock ends up containing a lot of low 
frequency jitters owing to the effect of the ATM network's status. 

(Problems the Invention Endeavors to Overcome) 

As described above, it is conventionally necessary that when 
transmitting packets of image signals and the like, there should 
be a phase -synchronous loop having a very low comparison 
frequency, and a frame synchronizer. Decoding clock frequency r 
easily affected by the status of the ATM network might also have 
to be controlled. These and other problems relating to 
difficulties in creating the circuits, difficulties with 
performance, etc... persist. 

In this invention, packet transmission of image signals and 
so on is done with a simple circuit structure. The aim is to offer 
a clock synchronization format that can establish stable clock 
synchronization between transmitter and receiver. The invention 
also provides a packet receiver and a packet transmitter that use 
this clock format. 

(Structure of the Invention) 

To achieve the above-mentioned aims, the clock 
synchronization format of this invention is characterized in that 
it transmits from the transmitter, and in the form of packets, 

- 9 - 



transmitter clock frequency data that indicates the relative 
frequency of- the transmitting clock (with respect to the packet 
transmission network clock) along with information signals; at the 
receiver, a comparison is made between the receiver clock 
frequency data that indicates the relative frequency of the 
receiver clock (with respect to the packet transmission network 
clock) and the transmitter clock frequency data that is received; 
based on the results of this comparison, the frequency of the 
receiver cock is controlled, whereby the transmitter clock and the 
receiver clock are synchronized. 

Also, the packet transmitter of this invention has means to 
detect the relative frequency of the transmitter clock (with j- 
respect to clock supplied from the packet transmission network? 
and to generate transmitter clock frequency data indicating said 
relative frequency; it is also has means to packet transmitter 
clock frequency data, together with information signal data, and 
to transmit them. 

Moreover, the packet transmitter of this invention has: means 
to resolve information signal data within packets transmitted from 
the packet transmission network, and to resolve transmitter clock 
frequency "data; memory means to temporarily store resolved 
information signal data and transmitter clock frequency data; 
means to detect the relative frequency of the receiver clock (with 
respect to clock supplied from the packet transmission; network) 
and that also generates receiver clock frequency data, that 

b 

indicates said relative frequency; comparison means to compare the 
stored transmitter clock frequency data and the receiver clock 
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frequency data; and means to control receiver clock frequency 
based on the* comparison means and the comparison results. 
(Function) 

It is generally hard to accurately detect clock frequencies 
output from oscillators, and it is also extremely difficult to 
detect clock frequencies from two independent oscillators and 
completely negate the difference in frequency between them. 

In this invention, absolute accuracy is not needed to detect 
the transmitter and receiver clock frequencies. Using clock 
supplied from the packet transmission network as a standard, the 
type of relative frequency is detected. With the receiver being 
notified about transmitter clock frequency, data, clock j- 
synchronization is established between receiver and transmitter. 
In other words, transmitter clock frequency data/ about which the 
receiver is informed, is compared to receiver clock frequency data 
indicating a relative frequency like that on the receiving side. 
With these comparison results, receiver clock frequency is 
controlled so that the transmitter and the receiver clocks each 
have relative frequencies that match with respect to the packet 
transmission network clock. 

This "is essentially how frequency is controlled in the clock 
frequency format of this invention. The invention does not 
achieve phase synchronization. Out of necessity, though, packet 
transmission systems usually have a buffer memory as a means of 
temporary storage, and phase aberrations between transmitter clock 
and receiver clock are absorbed by the buffer memory. The buffer 
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memory also absorbs aberrations in the control loop's transient 
response time frequency. 
(Embodiments) 

Next, embodiments of the invention will be explained while 
referring to the figures. 

Figure 1 is a block diagram of the essential parts of the 
transmitting and receiving sides of an image packet transmission 
system wherein the clock synchronization format of this invention 
is used. 

First, on the transmission side, image signals input to 
signal input terminal (11) are input to a signal processing 
circuit, like image coding circuit (13) , along with receiver alock 
that is supplied to clock input terminal (12) (hereafter referjred 
to as 'coding clock') from outside and which is in sync with the 
image signals. Coding occurs at circuit (13) . The output of the 
coding circuit (13) is input to interface circuit (14) . Interface 
circuit (14) consists of a packaging circuit for packet 
transmission, and a buffer memory circuit for clock frequency 
conversion. Coding clock input to terminal (12) is also applied 
to the clock input of counter (15) . 

Clock " (hereafter called 'ATM clock') supplied to the 
transmitter from ATM network (20) (a packet transmitting network) 
is input to dividing circuit (16) at the same time it is input to 
interface circuit (14) . At dividing circuit (16) , a pulse 
operates at a frequency that is l/N the ATM clock frequency (where 
N is a positive integer) . This pulse is applied to the count- 
clear input of counter circuit (15) . This counter circuit (15) 
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counts the coding clock number within a given time period, and for 
which ATM clock is the standard, and then emits the counter 
results. These counter results are data wl (referred to as 
'transmitter clock frequency data'), which indicates the relative 
frequency of the coding clock frequency when the standard is ATM 
clock frequency, and which is multiplexed in a . transmission packet 
via interface circuit (14), along with coded image signals, and 
then forwarded to ATM network (20) . 

Transmission packets that are resolved on the receiving side 
by resolution circuit (21) are synchronized with the ATM clock and 
are successively written-in to buffer memory circuit (22) . In 
such cases, image signals multiplexed in packets, as well as L 
receiver clock frequency data cal, are written-in to buffer memory 
circuit (22) . 

ATM clock supplied f rom the ATM network (20) to the receiver 
is divided into 1/N frequency by means of dividing circuit (23) in 
exactly the same way as the transmitter. It is then applied to the 
count -clear input of counter circuit (24) . This counter circuit 
(24) counts the receiver clock (hereafter called 'decoding clock') 
number within a given period, with ATM clock as the standard. Then 
the count result is emitted. This count result is data o>0 
(hereafter called 'receiver clock frequency data') and it 
signifies the relative frequency of the decoding clock and in 
which ATM clock frequency is the standard. Receiver clock 
frequency data coo, which is the count result of counter circuit 
(24) , is input to the substraction input terminal of substraction 
circuit (25) . Into the addition input terminal of subtraction 
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circuit (25) is input transmitter clock frequency data wl, which 
is read-out -by decoding clock from buffer memory (22). 
Accordingly, the signal of the . difference between the two relative 
frequencies (col - wo = Acj) is emitted. 

After the output of subtraction circuit (25) is integrated by 
loop filter (26) , it is input to the control input terminal of 
variable frequency clock generating circuit (27) , which is meant 
to produce decoding clock. For loop filter (26), a completely 
integrated, no-leak filter is most appropriate. If the return 
control loop is structured such that when A>0 (ci>l>a>0) the 
decoding clock frequency becomes high, and when Aco<0- the 
decoding clock frequency becomes low, the decoding clock will ralso 

r 

by synchronous with the ATM clock, the result being the t 
establishment of synchronization between the coding clock 
(transmitter clock) and the decoding clock (receiver clock) . In 
such cases, regular frequency aberrations will not occur owing to 
the integrating function of loop filter (26) . 

Moreover, even if there are fluctuations in packet arrival 
time owing to ATM network (20) , these will be absorbed by buffer 
memory (22) . Thus the control loop is unaffected with regards to 
receiver clock, and extreme stability is maintained. In ATM 
network (20), though, so-called 'package loss' can occur whereby 
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packets can possibly be omitted depending on the state of use. 
.If, in such 'cases, control side clock frequency data ul is not 
transmitted to the receiving side, then ultimately control will 
not be applied to receiver clock. There is the chance, then, that 
frequency aberrations will arise and that overflow or underflow 
will occur within buffer memory circuit (22) . However, the volume 
of transmitter clock frequency data is extremely small compared to 
image signals. However, if adequate error correction occurs in 
response to packet loss (for example, by transmitting a multiple 
line) , the drop in transmission efficacy can be overlooked and 
will be absolutely no problem in terms of actual use. 

Figure 2 depicts operative principles relating to one f- 
embodiment: of this invention, r 
In order to match the transmitter oscillation frequency wl 
and the receiver oscillation frequency cj3 , a relative frequency 
cjI.cjo is found that both can use and which has cj3 as its 
standard frequency (the previously mentioned ATM clock) . These 
are compared and receiver oscillation frequency o>3 is controlled. 

Figure 3 depicts a simpler representation of Figure 2 and 
results in a general negative return control loop. The meaning of 
cj.coo.Ag> is the same as Figure 2. Kd is a parameter pertaining 
to loop gain. F(s) is a loop filter. Kv is the frequency control 
sensitivity of the receiver oscillator. When a>{s), 0)0(3), and 
Ao>(s) represent Laplace transformed c*>l(t), o>o(t), and Ao){t) 
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respectively, then : 



u» ( I ) - w Ml) - W 0 ( I ) "(I) 

A m (l) • 14 • P (i ) • K v «■ A w (i) 

- w o(l> * (2) 



From (1) and (2) 



When Kd.Kv.F(s) >> 1 



o<a)- w !(,)♦ m 

H • Iv • P(,) m 



When f (s) is a completely integrated type loop filter, such as?: 



b 

K(t) - • + =- 



(in which a,b ^ 0 is a constant) 



and Aoj(s) const., then 



and, as discussed above, regular frequency aberrations will not 
occur. 

The above mentioned supposition Agj(s) const, can be 

achieved without any problems if a crystal accuracy oscillator i 
used in each clock generating source. Even if that is not the 
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case, this is easy to resolve by transmitting the transmitter 
clock frequency data ul at a lower cycle and by increasing the 
speed of the control loop cycle, relative to the receiver clock 
frequency, by widening the F(s) band.' 

Moreover, the preceding embodiments concerned examples in 
which the invention is used to transmit image signal packets. 
However, if these are continuous information signals/ then 
obviously the invention can also be used to transmit packets of 
audio signals and other information signals. ( 

[Results of the Invention] 

With the present invention, when television signals and audio 
signals are transmitted as packets, no costly devices such as V 
frame synchronizers are used, nor devices that will cause problems 
in terms of information signal quality. A phase synchronization 
loop that makes realization difficult in terms of performance is 
not used either. Another result is that clock synchronization 
between transmitter and receiver can be established without the 
affect of fluctuations in arrival time that inevitably occur in 
packet transmission systems. 
4 . Brief Description of ■ t he Figures 

Figure 1 is a block diagram depicting the structure of one 
embodiment- of a packet transmission system using the clock 
synchronization format of this invention. Figure 2 is a diagram 
explaining the operative principles of this invention. Figure 3 
is a block diagram depicting the frequency control loop of Figure 
2 . Figure 4 is a block diagram depicting a summary of clock 
synchronization in a packet transmission system. Figure 5 and 
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Figure 6 are, respectively, block diagrams that explain the clock 
synchronization format in conventional packet transmissions. 

13 ... image coding circuit 14 ... interface circuit 
15 ... counter circuit used to detect the relative frequency of 
the transmitter clock 16 ... dividing circuit used to detect the 
relative frequency of the transmitter clock 
20... ATM network (packet transmission network) 
21... packet resolution network 22... buffer memory circuit 
(storage means) 23 ... dividing circuit used to detect the relative 
frequency of the receiver clock 24... counter circuit used to 
detect the relative frequency of the receiver clock 
25... substraction circuit (comparison means) 26... loop filtef 
(frequency control means), 27 .. .variable frequency clock I 
generation circuit 28... image decoding circuit. 

Applicant's Agent: Takehiko Suzue, Patent Attorney 
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(54) CLOCK SYNCHRONIZING SYSTEM IN PACKET TRANSMISSION AND 

PACKET TRANSMITTER AND PACKET RECEIVER 
(11) 3-114333 (A) (43) 15.5.1991 (19) JP 

(21) Appi. No. 64-250443 (22) 28.9.1989 
(71) TOSHIBA CORP (72) TATSUYA ISHIKAWA(l) 
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PURPOSE: To simply constitute the circuit and to stably establish clock synchroni- 
zation between the transmitter and the receiver by controlling the frequency 
of a clock of the receiver so that each relative frequency of the transmitter 
and receiver clocks with respect to a clock (ATM clock) of a packet transmis- 
sion network is coincident 

CONSTITUTION: In order to make a sender oscillating frequency a* and a receiv- 
er oscillating frequency o>, coincident, relative frequencies a*, wo with respect 
to a reference oscillating frequency a* available for the both (equivalent to 
ATM clock) are obtained. Then the frequencies are compared to control the 
receiver oscillating frequency o*. Thus, in the case of packet transmission 
for a television signal or an audio signal, the clock synchronization between 
the transmitter and the receiver is established without use of an expensive 
equipment but having a problem in the quality of the information signal or 
use of a phase locked loop difficult of realization in the performance and with- 
out being affected by fluctuation of the packet arrival time. 
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